Absrract-a power system stabilizer (PSS) of a single machine power system model has been designed using a neural network based variable structure controller ( VSC). The need for adaptive VSC comes from the fact that the power system model operates over a wide range of operating points, some of which are unstable, and hence no single VSC gains are sufficient for the entire operating range. Neural networks are used for on-line prediction of the suitable VSC gains when the operating point changes. Simulation results are included to demonstrate the performance of the proposed control scheme.
The VSC is essentially a switching feedback control where the gains in each feedback path switch between two values according to some rule. The switching feedback law drives the controlled system's state trajectory onto specified surface called the sliding surface which represent the desired dynamic behavior of the controlled system. The advantage of switching between different feedback structures is to combine the useful properties of each structure and to introduce new properties that are not present in any of the structures used. The design of VSC involves finding the switching vectors representing the sliding surface and the feedback gains.
The switching vectors are very important in improving the system dynamic performance. Selection of switching vectors can be done by pole placement or linear optimal control theory . Feedback gains selection represents the second step in the design of VSC. The objective of this step is to find the appropriate feedback gains that will drive the system's state trajectory to the switching surface defined by the switching vectors. Recently, genetic algorithms have been used for VSC feedback gains selection [18-201. The feedback gain selection of the VSC is normally based on one operating point and its performance away from the design operating point is, of necessity, a compromise. The limitations imposed on the effectiveness of the VSC by different operating conditions can be overcome by using adaptive control techniques. In this paper, an adaptive output feedback controller using neural networks is proposed to enhance the performance of VSC under different operating points. A neural network is trained to update the feedback gain when the operating point changes.
THEORY OF VSC
The fundamental theory of variable structure systems may be found in [21] . Different control goals such as stabilization, tracking, regulation can be achieved using VSC by the proper design of the sliding surface. The discussion here will be limited to the regulation problem where the objective is to keep specified states as close to zero as possible. A block diagram of the VSC for the regulation problem is shown in Fig. 1 . The control law is a linear stare feedback whose coefficients are piecewise constant functions. Consider the linear time-invariant controllable system given by
Where X(t) n-dimensional state vector U (t) m-dimensional control force vector A nxn system matrix B nxm input matrix
The VSC control laws for the system of (1) are given by 
Where c, 's are the switching vectors which are selected by pole placement or linear optimal control theory. The design procedure for selecting the constant switching vectors c, using pole placement is described below .
Stepl: Define the coordinate transformation
where M is a nonsingular nxn matrix and B, is a nonsingular mxm matrix. From (4) and (5) Consequently, the problem of designing a system with desirable properties in the sliding mode can be regarded as a linear feedback design problem. Therefore, it can be assumed, without loss of generality, that C,, = identity matrix of proper dimension.
Step 2: Equations (8) and (1 1) can be combined to obtain ~ = [A, I -A,,C, I IY, (12) Utkin and Yang [22] In this section, the fundamentals and the architecture of multilayer feedforward neural networks are described. A multilayer neural network is a layered network consisting of an input layer, an output layer, and one or more hidden layers. Each layer consists of a set of neurons which are fully connected to the neurons in the next layer. The connections have multiplying weights associated with them. The number of neurons and hidden layers is problem-dependent. However, it has been proved that one hidden layer can perform any nonlinear and no more than two hidden layers are needed [23] . A multilayer feedforward neural network with one hidden layer is shown in Fig.2 . The connection weights between the neurons and thresholds are determined using the generalized delta rule [24] . The process of determining the weights is called training or learning process. The training process requires a set of input and output patterns. The patterns are fed into the neural networks. The neurons in the input layer receive input signals, the activation signals propagate forward, through the hidden layer(s), to the output layer. The output layer then gives the desired output. The network learns by comparing its output of each input pattern with the actual output of that pattern. The error (the difference between the actual outputs and the predicted outputs of the network) is calculated and propagated backwards from the output to the hidden layer to the input. This is done by minimizing the error function: where t k is the actual output and yk is the predicted output of the neural network. 
Iv. Adaptive VSC and Simulation Results
The proposed method is applied the design of a power system stabilizer (PSS) of a single machine power system model . 
The system model is a function of the operating point defined by active and reactive powers (P, Q). The need for adaptive VSC comes from the fact that the model discussed operates over a wide range of operating points, some of which are unstable. Thus, no single VSC with fixed feedback gains is sufficient for the entire operation. The neural network is used to model the nonlinear relationships between operating points and VSC feedback gains. When the operating point changes the neural network will produce new feedback gains suitable for the new operating point. Fig. 7 shows the change in the torque angle when using the fixed and adaptive VSC. It is quite clear that the adaptive VSC drives the torque angle to its steady state value much faster than the fixed VSC. Figure 8 shows the control efforts of the fixed and adaptive VSC gains. The figure clearly demonstrates the lower control effort needed for the case of adaptive VSC gains. In this paper, an adaptive neural network based VSC has been developed for a PSS of a single machine power system. The neural network is used to predict the suitable VSC gains for any operating point. The use of adaptive output feedback is motivated by the fact that the single machine power system operates over a wide range of operating conditions and hence no single VSC gains are sufficient for the entire operation. Simulation results indicate that fixed VSC can perform satisfactorily for a wide range of operating points, but the controller performance can be improved greatly by the use of adaptive VSC.
